ABSTRACT -It was evaluated the quality of rice husks or soybean straw as litter substrate and the effect of litter reuse for four consecutive flocks of broiler chickens on populations of darkling beetle and intestinal parasite and as organic fertilizer. The experiment was carried out in four 12 m × 10 m poultry houses, internally divided in 4 boxes/poultry house with 200 birds/pen for four consecutive flocks, each flock with a duration of 42 days and with a 15-day downtime between flocks. The evaluated treatments were two ventilation systems (stationary or oscillating fans) and two litter materials (soybean straw or rice husks). Darkling beetle population was followed by collecting the insects in traps, three traps per box, and endoparasite litter contamination was determined by eggs/oocyst counts per gram of litter. Levels of dry matter, total nitrogen, total phosphorus, potassium, copper, zinc, manganese, iron, organic carbon and pH were evaluated by physical/chemical analyses of samples of the litters in each flock. Overall, litters of broilers used by three flocks meet the minimal legal requirements to be marketed as simple organic fertilizer, regardless to the material used as substrate. Soybean straw presented higher darkling beetle counts in stationary ventilation system as well as in oscillating ventilation system. The probability of rice husks litter present contamination by Eimeria spp oocysts is 18.78 times higher in rice husks than in soybean straw litter when both are submitted to oscillating ventilation, and 1.32 higher when stationary ventilation is used. Litter temperature does not influence significantly levels of contamination by oocysts.
Introduction
The effects of several many materials used as poultry litter substrate on poultry performance have been evaluated.
It was shown that litter made of rice husks not only did not impair performance, but it also reduced foot-pad and breast lesions (Angelo et al., 1997; Benabdeljelil & Ayachi, 1996; Mizubuti et al., 1994; Mouchrek et al., 1992; Santos et al., 2000; Willis et al., 1997; Oliveira & Carvalho, 2002; Araújo, 2007; Atapattu & Wickramasinghe, 2007) . A study on the use of soybean crop residues as poultry litter did not show any influence of this material on broiler performance or on its agronomic value (Ávila et al., 2008) . However, these bedding materials have not been evaluated for evolution of darkling beetle and enteric parasite populations.
Alphitobius diaperinus (darkling beetle) adults and larvae are considered a problem in intensive broiler and turkey production. These beetles replicate in the litter, becoming potential vectors of pathogens and parasites both on site and to the neighboring farms. Those insects have been associated to many pathogenic agents, and there are works which reports that they carry Escherichia coli, Salmonella spp, avian leucosis virus, as well as internal parasites, such as coccidian, avian tapeworms, and helminths (Arends, 1987; Arends, 1991) , enterobacteria (Chernaki-Leffer et al., 2002) and Clostridium perfringens (Vittori et al., 2007) .
Attempts to control darkling beetles have been made by changing the litter pH using hydrated lime (Watson et al., 2003) or applying insecticides in the entire poultry house during downtime (Salin et al., 2003) or as a management complement during rearing, with application in specific spots, as suggested by Surgeoner & Romel (2000) .
The continuous contact of birds with the excreta in the litter poses a risk of infection with parasites, and coccidiosis caused by Eimeria spp is one of the most significant diseases in this production system. The evolution of oocyst population may determine the need to change the litter, and an evaluation may aid decision-making regarding this need.
Therefore, the present study was carried out to evaluate the performance of rice husks and soybean crop residues as bedding material and the effect of their reuse by four broiler flocks on darkling beetle and parasite populations, as well as their use as organic fertilizer.
Material and Methods
The experiment was carried out at the experimental field of Suruvi, which belongs to Embrapa Suínos and Aves, Concórdia, Santa Catarina, Brazil. Four 12 m × 10 m broiler houses were internally divided in four pens each (total of 16 pen), at a density of 200 birds/pen (28 kg meat/m 2 ), totaling 3,200 birds/flock. Four consecutive flocks were followed up. Each flock was reared to 42 days of age, and an interval between flocks (downtime) of 15 days was applied.
Treatments consisted of two ventilation systems (stationary or oscillating) and two litter materials (soybean straw or rice husks). Rice husks and ventilation system using stationary fans were considered as standards as they are commonly used in broiler production. Fans were activated by a thermostat when the environmental temperature reached 25 o C, and they were equipped with a potentiometer and speed regulator matching the broiler house size. Treatments were distributed as follows: house 1 -stationary ventilation system, pens 2 and 3 with soybean straw; pens 1 and 4 with rice husks; house 2 -oscillating ventilation system, pens 2 and 3 with soybean straw; pens 1 and 4 with rice husks; house 3 -oscillating ventilation system, pens 1 and 4 with soybean straw; pens 2 and 3 with rice husks; house 4 -stationary ventilation system, pens 1 and 4 with soybean straw; pens 2 and 3 with rice husks. Soybean straw was chopped into approximately 3-cm long particles. Litter was initially 10 cm high and was reused for four consecutive flocks. Litter quality was evaluated in terms of physicalchemical composition, moisture, and compactness. The development of the population of darkling beetles and the evolution of the number of parasite eggs/oocysts was also observed.
In order to evaluate darkling beetles population, it was used three traps per pen made with 20 × 5 cm PVC tubes filled with 20 × 50 cm rolled-up corrugated cardboard, totaling 48 traps (Safrit & Axtell, 1984) . Traps were placed under the litter in three sites in each pen: at the center, between the external wall and the first line of feeders, and the other two between the feeders, equally distant from the drinkers. Traps remained in the pens for seven days and were removed after catching of each flock. Traps were then placed in 1.0 L thick plastic bags, closed with thin plasticcoated wire, and submitted to the laboratory. Alphitobius diaperinus adults and larvae were identified and counted, and the total number of individuals was recorded.
Litter samples were collected to count number of endoparasite eggs/oocysts per gram of litter (epg), and they were also submitted to physical-chemical analysis. Two samples were collected per flock: on the day chicks were housed and after catching. In each pen, 15 litter samples, weighing 50 g each, were collected on the surface and under the surface of the litter centrally to the feeders, drinkers, and external and internal limits of the pens. In the laboratory, after homogenization, 50 g aliquots were used for endoparasite counting. The remaining sample was submitted to the physical-chemical laboratorial analyses to determine dry matter, ashes, and phosphorus contents. Phosphorus was colorimetrically determined by the molybdovanadate method (Windham, 1995) . Pre-dry matter or moisture was determined at 65ºC. Copper, zinc, calcium, manganese, and iron contents were determined by flame atomic absorption spectrometry after nitro-perchloric digestion (SDR/MA, 1998). Nitrogen was determined by the Kjeldahl method. Litter pH was measured according to the method described by Brasil (2007) . Organic carbon was titered after chemical oxidation with sulfochromic solution (Tedesco et al., 1995) . Potassium was determined by flame photometry (Brasil, 2007) .
Litter temperature was recorded by using an infrared thermometer (Raytec ® ) in five different spots in each pen (two near the lateral pen wall, two near the central aisle, and at the geometrical center of the pen).
Darkling beetle counts were transformed into log (y+1) and submitted to analysis of variance using a model which considered the effects of litter material, ventilation, flock, and the interaction among these factors. The GLM procedures of SAS statistical package were used (SAS Institute Inc., 2003) .
Parasite egg and oocyst counts were used to characterize the presence of absence of parasite in the pens. Parasite presence was analyzed by logistic regression by considering the effects of litter material, ventilation and flock, using LOGISTIC procedures of SAS statistical package (SAS Institute Inc., 2003) .
Litter quality data were analyzed by mixed models for repeated measures, considering the effects of litter material, ventilation, and the interaction between litter material and ventilation (plot), sample sampling and respective interactions (subplot, and period (subplot), and three matrix structures of variance and covariance, using the PROC MIXED procedure of SAS statistical package (SAS Institute Inc., 2003) , according to Xavier (2000) . The structure used for analysis was chosen based on the lowest value of the Akaike Information Criterion (AIC). The estimation method was that of restricted maximum likelihood.
Results and Discussion
According to Oviedo-Rondón (2008) , poultry production generates nutrient-rich residues that can be utilized to generate energy or to fertilize crops; however, their application to the soil must follow nutrient management plans in order to prevent environmental impacts.
Considering the composition of rice husks and soybean straws before its utilization and the values established in Normative Instruction n. 23 for simple organic fertilizers (Table 1) , both materials are very different, except for organic carbon content, and they do not comply with the recommendations of IN-23 for organic fertilizers. Rice husks humidity and pH values are different from those described by Coufal et al. (2006) , who evaluated the reutilization of rice husks as litter material by 18 broiler flocks and reported 9.4% humidity, pH 7.0, 0.47% nitrogen, 0.03% phosphorus, and 0.27% potassium in the beginning of the experiment, that is, composition before utilization.
According to Ávila et al. (2008) , considering that plant nutrient requirements vary as a function of cultivar, soil, expected yield, and so on, and exceeding supplied quantities remain in the soil and are susceptible to leaching and percolation, it is essential to balance soil and litter compositions. Based on these considerations, the knowledge on the quality (physical-chemical composition, compactness, and reutilization) of litter materials used as alternative to wood shavings is essential as the disposal of such material is part of good production practices.
Litter quality was evaluated according to chemical element levels and physical parameters. Litter chemical composition parameters were significantly affected (p<0.05) by litter material, except for humidity and zinc. Sampling affected only ashes and potassium content, whereas period significantly influenced (p<0.05) all parameters. The interaction litter material × period × sampling affected organic carbon, copper, iron, potassium, pH and zinc (Table 2) .
In order to study litter chemical composition, samplings were performed in three different periods, as follows: period 1 -15-day interval (downtime) between removal of flock 1 and housing of flock 2; period 2 -15-day interval (downtime) between removal of flock 2 and housing of flock 3; and period 3 -15-day interval (downtime) between removal of flock 3 and housing of flock 4.
The chemical composition of rice husks and soybean straw after utilization ( Direct product matrices were used between a non-structured matrix and another matrix: 1 no structure; 2 composed symmetry, and 3 self-regressive of the first order. (Oviedo-Rondón, 2008) . Moreover, according to that author, phosphorus is found in large amounts in poultry excreta, and its excessive application for crop fertilization may exceed soil and plant capacity to use that nutrient, resulting in leaching and subsequent contamination of underground waters. Ávila et al. (2008) studied six different litter materials reused for six consecutive flocks and found nitrogen values of 2.46 and 2.63 and 0.84 and 1.00 of phosphorus in rice husks and soybean straw, respectively. Coufal et al. (2006) showed that nitrogen, phosphorus, and potassium contents significantly increased in the first seven to eight flocks. Nitrogen, phosphorus, and potassium values obtained in the litter of the fourth flock of the study of Coufal et al. (2006) were 3.56, 1.59, and 3.12%, respectively, and they are used for the comparison with those obtained in the present study.
There is little information on copper (Cu), iron (Fe), zinc (Zn), and manganese (Mn) levels in different poultry litter materials. According to Oviedo-Rondon (2008) , poultry feeds are rich in iron, and high levels of this mineral are commonly found in broiler litter. Excessive levels of those mineral in the soil affect plant root growth. That author presented a table with findings of several authors relative to the levels of those trace minerals in poultry litter, and Figure 1 those values (in mg/kg, dry weight) are used to compare with the results of the present study. That table presents average concentrations and ranges of 77 and 58-100 for copper, 1,625 and 1,026-2,288 for iron, 348 and 125-667 for manganese, and finally 315 and 106-669 for zinc.
It must also be mentioned that the chemical characteristics of the litter materials after three flocks comply, in terms of their nutritional aspects, with the legislation relative to simple organic fertilizer. However, it is recommended that the litter removed from the poultry house is distributed in rows for an additional composting period in order to eliminate or reduce health risks. Despite the effect of litter material on the evaluated parameters, with higher averages promoted by soybean straw, litter made of these crop residues were similar and presented similar characteristics to those described in literature for wood shavings (Turazi et al., 2006) , showing that after three flocks, the materials presented excellent fertilizing characteristics.
Regarded to physical aspects, when the first flock was removed, soybean straw litter was more compacted and caked when compared to rice husks litter, and this condition remained for the following three flocks, requiring labor interference to break the caked parts, inclusively during the rearing period. At flock removal, soybean straw required more labor to allow its reuse due to the formation of a caked layer on the top of the litter. When the fourth and last flock was removed, the litter made with soybean straw had reached its maximum limit of reutilization, with decomposition of the lower layer, presenting fiber breakdown and wet matter formation. Rice husks litter, on the other hand, presented reuse conditions after the removal of the fourth flock. Pinto et al. (2005) recommended monitoring insect populations in poultry houses as a routine procedure of the management program, regardless to the strategy used for insect control. However, according to Godinho & Alves (2009) , it is difficult to carry out darkling beetle population studies because their population is usually very high in poultry houses, and they have cryptic behavior.
In the present study, one of its objectives was to know which litter material was more favorable to the dissemination of darkling beetles, as well as the evolution of this population as the litter was reused by several consecutive flocks. Darkling beetle count was significantly influenced (p<0.05) by litter material, flock, and the interactions between litter material and ventilation and between litter material and flock (Table 4) .
Rice husks presented lower darkling beetle count (p<0.05) as compared to soybean straw, with oscillating ventilation in all flocks, and after the second flock, with stationary ventilation (Figure 2) . Darkling beetle count increased from the first to the third flock, and decreased in the fourth flock, independently of litter material or ventilation. Uemura et al. (2008) , studying darkling beetle distribution and population dynamics, observed that in broiler houses with cement floor covered with wood shavings litter reused for four flocks and equipped with automatic feeders, the average numbers of insects trapped in the first flock were 385.4 larvae and 24.5 adults, and these figures increased to 615.3 larvae and 208.7 adults in the next flock. Those authors found that the population tended to become stable in the third flock (651.3 larvae and 248 adults), and found an apparent reduction to 422 larvae and 160.2 adults per trap in the fourth flock. They also found that average litter temperature in flock 1 was 30.7ºC, which favors the multiplication of saprophyte microorganisms.
Air and litter temperatures directly influence the population of darkling beetles (Chernaki & Almeida, 2001 whereas the pupa stage lasts 4 days at 31ºC and 9.7 days at 22ºC. Therefore, according those authors, the complete life cycle of the darkling beetle at a constant temperature of 28ºC is 42.5 days, and considering that a new flock is housed every 50 days, a new generation of darkling beetles may occur at each flock housed in the farm. In the present study, average air and litter temperatures were mild (Table 6 ), but they allowed the multiplication of darkling beetles. When the presence of parasites was investigated, only Eimeria sp. occysts were identified, and significant effects (p<0.05) of litter material and of the interaction between litter material and ventilation on the presence of oocystes were determined. Rice husks submitted to oscillating ventilation presented the higher percentage of contaminated pens and 18.78 more chances of being contaminated as compared to soybean straw submitted to the same ventilation (Table 5 ). When ventilation was stationary, no differences between litter materials were observed.
When comparing ventilation types, it was found that rice husks litter contamination was significantly higher when ventilation was oscillating (odds ratio = 7.22), whereas there was no significant influence of ventilation type (p>0.05) on the contamination of soybean straw by Eimeiria spp. Other factors may have influenced litter contamination, such as the higher nutrient levelsparticularly nitrogen levels -in soybean straw, explaining the lower oocyst count due to the negative effects of the release of ammonia levels that are lethal to oocysts (Shirley et al., 1994) .
When optimal Eimeria spp oocyst sporulation, which makes it infective, occurs at temperatures of 28 to 30°C (Shirley et al., 1994) , data were tested to verify if oocyst counts could have changed with litter temperature variations ( 
Conclusions
Broiler litter used for three flocks usually complies with the minimal legal requirements to be traded as simple organic fertilizer, independently from the material. Soybean straw can be used as litter for rearing up to four flocks of broilers. At this same number of flocks, rice husks remain usable, whereas soybean straw is deteriorated under humification. The number of darkling beetles is higher in the soybean straw litter and the rice husks litter present 18.78 more chances of being contaminated with oocysts when ventilation is oscillating when compared to soybean straw litter. Table 5 -Percentage of pens contaminated with Eimeiria spp and odds ratio (probability) of being contaminated
